Half diallel cross among ten yellow maize inbred lines was made at Sakha Agriculture Research Station during the growing season 2015. The resultant 45 crosses along with two commercial hybrids as yellow checks (single crosses 162 and 168) were evaluated at two field experiments in two years 2016 and 2017. The results indicated that, years (Y) mean squares had significant effects for all traits, except resistance to downy mildew disease. Genotypes (G) and crosses (Cr) mean squares had high significant effects for all traits in the two years and its combined data. However, G x Y and Cr x Y interaction were significant or highly significant for all traits. Mean squares due to general combining ability (GCA) and specific combining ability (SCA) were highly significant for all traits in the two years and their combined analysis. On the other side, the interactions between GCA and SCA with years were highly significant for all traits. For GCA / SCA and GCA x Y / SCA x Y mean squares ratio, the data pointed out that, this ratio exceeded the unity for all studied traits in two years and their combined. The inbred line P4 had desirable significant of (g^i) for earliness, good plant type, resistance to downy mildew and late wilt diseases, also the inbred line P8 had desirable significant of (g^i) for earliness and good plant type. The single crosses; P1 x P3, P6 x P7 and P4 x P5 had negative and significant values of (s^ij) for good plant type and earliness. The single crosses P1 x P2, P1 x P8, P2 x P8, P4 x P8, P5 x P8, P6 x P8, P7 x P8, P8 x P9 and P8 x P10 had superiority percentage in desired direction over both check cultivars i.e., SC 162 and SC 168 for earliness and good plant type.
INTRODUCTION
Breeding for high yielding ability and resistance to main disease, especially late wilt disease caused by Cephalosporium maydis and downy mildew caused by Peronosclerospora sorgi are considered among the main targets of National Maize Breeding Program in Egypt, to reduce feed and food crisis the amount of imported yellow maize grains. The most efficient, effective, environmentally safe and economic means to control late wilt and downy mildew diseases of maize is to use resistant varieties.
Late wilt is one of the major diseases affecting maize in Egypt. Among tests to evaluate hybrids in Egypt is evaluation for yield potentiality and resistance to late wilt under artificial infection. Samra et al. (1962) were the first isolated the pathogen from the roots and stems of wilting maize plants in 1960 and identified the late wilt pathogen as Cephalosporium maydis. Sabet et al. (1970) reported that C. maydis infected young plants easily but when the plants aged, few plants were infected and none infected after approximately 50 days from sowing. The information of the type of gene action that control resistance is very important for breeders in planning the most appropriate and effective breeding method to improve the trait. El-Itriby et al. (1984) and reported that, dominance and epistasis were the major contributors to inheritance of resistance to late wilt. Galal et al. (1979) , Nawar and Salem (1985) and Mosa and Motawei (2005) indicated that, the additive gene effects played the major role in the expression of the resistance to the late wilt.
Sorghum downy mildew (SDM) is one of the most destructive diseases of maize in Egypt, especially in Delta region. The symptoms of SDM are characterized in that leaves of infected plants are narrower and more erect than those of healthy plants and diseased plants may have phylloddied tassels. In 1928 growing season, SDM disease was first identified on maize sowings adjacent to sorghum fields in Egypt (Melchers, 1931) at Giza Agricultural experimental farm belonging to the Ministry of Agriculture. The SDM disease was not listed as serious disease for either sorghum or maize in Egypt until 1975 (Salama, 1976 . Since that time, this disease is of economic importance. In the last few years, SDM disease started to be one of the serious diseases on maize in Egypt, especially in Delta region as a result of wide spread of sorghum sowings in this region, which is considered the main host plant and spreader of the P. sorghi. Maize is also considered the second host of the downy mildew pathogen. Therefore, greater efforts are attempted by Egyptian maize breeders to look for sources of resistance to this disease and to transfer the resistance to the commercial hybrids and varieties. Knowledge of the type of gene action of maize resistance is necessary in planning the most appropriate and effective breeding program to improve the trait. El-Shenawy (1995), and Nair et al. (2004) found that, the additive gene effects played the major role in the expression of resistance to the downy mildew. While, Kaneko and Aday (1980) and Mosa et al. (2009) reported that, the non-additive gene action was important in controlling the behavior of resistance to downy mildew disease.
Diallel crosses have been widely used in genetic research to determine general and specific combining abilities (GCA and SCA) and nature of gene action for many traits. Analysis of diallel data is usually conducted according to the methods of Griffing (1956) which partition the total variation of diallel data into GCA of the parents and SCA of the crosses. Combining ability information is necessary for selection of suitable advanced lines for hybridization and identification of promising hybrids.
The main objectives of the present work are to identify the type of gene action that control the inheritance of all studied traits, estimate of general combining ability effects for ten yellow inbred lines and specific combining ability effects for their crosses and estimate the percentage of superiority for diseases resistance and some maize growth characters. The first experiment was evaluated under artificial soil inoculation by Cephalosporium maydis to study the resistance to late wilt (RLW), days to 50% silking, plant height, ear height and ear position. Meanwhile, the second experiment was done under artificial inoculation of Perenoscleroscpora sorghi to study the resistance to downy mildew (RDM). The resistant plants were taken as percentage in the two years as following. No. of total plants per plot A randomized complete blocks design (RCBD) was used in each year for each trial with four replications. Each plot consisted of one row, 4m long, 80cm apart and the distance between hills was 25cm. All cultural practices for growing maize were conducted as recommended. Analysis of variance was carried-out according to Steel and Torrie (1980) . Combined analysis was done in case of errors homogeneity Bartlett (1937) . General (GCA) and specific (SCA) combining ability variance and effects were estimated according to Griffing (1956 ) method 4, model 1. The superiority percentage for different characters was measured by comparing each hybrid with the check hybrids.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
Analysis of variance of 45 F1 and two checks for the vegetative traits, resistance to downy mildew and late wilt diseases in two years and their combined data are presented in Table 1 . Results indicated that, years (Y) mean squares were highly significant for days to 50% silking, ear height, ear position and resistance to late wilt disease, while, plant height had significant years mean squares, indicating that these traits might be changed in performance from year to another. Genotypes (G) and crosses (Cr) mean squares were highly significant for all traits in the two years and their combined data, indicating the wide diversity between the genotypes and crosses used in this study. Checks (Ch) mean squares were significant and / or highly significant for all traits, except for 50% silking date, resistance to downy mildew, ear height in the first year and resistance to late wilt in the first year and their combined data. Cr vs. Ch mean squares were significant and / or highly significant for all traits, except for resistance to downy mildew in the two years and their combined data and resistance to late wilt in the second year.
The mean squares of G x Y and Cr x Y interactions were highly significant for all traits. This results might indicate that, the performance of genotypes and crosses were affected by change in years. Ch x Y interaction was significant only for resistance to downy mildew and late wilt diseases. While, Cr vs. Ch x Y interaction was highly significant for 50% silking date and significant only for ear height and resistance to late wilt disease. The obtained results were in good harmony with those reported by Abd El-Hadi et al. (2005) where they found that, the difference among genotypes and crosses were highly significant for days to 50% silking, plant height and ear height. While, the interaction between genotypes x years exhibited significant differences for days to 50% silking. Galal (2014) found that, the differences among genotypes and crosses were significant or highly significant for days to 50% silking, plant height, ear height and resistance to late wilt disease. The interaction between genotypes and crosses with environments was significant and / or highly significant for all traits. This indicated that, these genotypes and crosses differed in their order from environment to another for all traits. El-Gazzar (2015) found that, the crosses x environment interaction was significant for days to 50% silking, plant height, ear height and resistance to downy mildew disease. Murtadha et al. (2016) found that, the interaction between crosses and environments was significant or highly significant for 50% silking date and plant height.
Mean performance of 45 F1 crosses and two check hybrids for the vegetative traits, resistance to downy mildew and late wilt diseases in two years and combined data are shown in Table 2 . For days to 50 % silking, the crosses means ranged from 56.25 to 66.0, 57.5 to 64.75 and 56.88 to 65.25 for the first year, the second year and their combined, respectively. The crosses; P1 x P4, P2 x P3, P2 x P4, P2 x P5, P2 x P8, P2 x P9, P2 x P10, P3 x P8, P4 x P6, P4 x P7, P4 x P8, P5 x P8, P6 x P8, P7 x P8, P7 x P9, P8 x P9, P8 x P10 and P9 x P10 were significantly earlier than the earliest check SC168 in two years and their combined while, the crosses; P1 x P2, P1 x P5, P1 x P6, P1 x P8, P1 x P9, P1 x P10, P2 x P7, P4 x P5, P4 x P9, P4 x P10, P5 x P7, P6 x P7, P6 x P10 and P7 x P10 were significantly earlier than both checks in the first year and their combined. Regarding plant height, the crosses means ranged from 224.25 to 290.25, 218.75 to 279.0 and 224.88 to 284.63 for the first year, the second year and their combined, respectively. The cross P1 x P8 in two years and their combined had desired and significant shorter plants than both checks. While, the crosses P2 x P8, P3 x P8, P4 x P8, P7 x P8, P8 x P9 and P8 x P10, in the first year and their combined, the cross P1 x P3 in the second year and their combined and the crosses; P1 x P10 and P5 x P8 in the first year had desired and significant shorter plants than the shortest check SC168. Data in Table 2 concerning ear height exhibited that, the means ranged from 96.0 to 177.5, 100.75 to 148.25 and 99.75 to 160.5 for the first year, the second year and their combined, respectively. The crosses; P1 x P2, P1 x P3, P1 x P4, P1 x P7, P1 x P8, P1 x P9, P2 x P7, P2 x P8, P2 x P9, P3 x P8, P4 x P5, P4 x P7, P4 x P8, P4 x P9, P5 x P8, P6 x P7, P6 x P8, P7 x P8, P7 x P9, P8 x P9 and P8 x P10 in the two years and their combined had significant lower ear height than the two checks. While, all crosses in the first year and their combined, except P1 x P6, P3 x P4, P3 x P5, P3 x P6, P3 x P9, P3 x P10, P5 x P6, P5 x P10 and P6 x P9 had significant lower ear height than the two cultivar checks. For ear position, it ranged from 42.85 to 63.46, 45.05 to 60.36 and 43.99 to 61.65 for the first year, the second year and their combined, respectively. The crosses; P1 x P2, P1 x P7, P1 x P8, P2 x P5, P2 x P7, P2 x P8, P2 x P9, P4 x P7, P4 x P8, P5 x P7, P5 x P8, P6 x P7, P6 x P8, P7 x P8, P7 x P9 and P8 x P9 in the two years and their combined and the crosses; P2 x P4, P2 x P6, P4 x P6 and P7 x P10 in the first year and their combined had significantly better ear position than the hybrid checks in comparison. Considering resistance to downy mildew disease, the means ranged from 59.25 to 100.0, 58.5 to 100.0 and 58.88 to 100.0 for the first year, the second year and their combined, respectively. The crosses; P1 x P6, P1 x P7, P1 x P10, P2 x P3, P2 x P4, P2 x P7, P3 x P7, P3 x P8, P3 x P9, P3 x P10, P4 x P6, P4 x P7, P4 x P9, P5 x P7, P6 x P7, P6 x P8, P6 x P10, P7 x P9, P7 x P10, P8 x P9, P8 x P10 and P9 x P10 had high resistance to downy mildew disease ( more than 95%), in two years and their combined. Regarding resistance to late wilt disease, the crosses means ranged from 44.25 to 100.0, 57.5 to 98.5 and 65.38 to 99.13 for the first year, the second year and their combined, respectively. The crosses; P1 x P4, P2 x P10 and P4 x P10 in both years and their combined and the crosses; P1 x P2, P1 x P3, P1 x P9, P3 x P5, P3 x P9, P3 x P10, P4 x P5, P4 x P6, P4 x P9, P7 x P10 and P8 x P10 in the first year and their combined, had high resistance to late wilt disease (more than 95%). It could be concluded from the obtained results that, the crosses; P1 x P8, P2 x P8, P4 x P8, P7 x P8, P8 x P9 and P8 x P10 were better than the two hybrid checks for the vegetative traits toward earliness, shortness, low ear height and good ear position. While the crosses; P1 x P3, P3 x P5, P3 x P9, P3 x P10, P4 x P5, P4 x P6, P4 x P9, P7 x P10 and P8 x P10 had high resistance to downy mildew and late wilt diseases (more than 95%) over two years, indicated that these single crosses could be used in maize breeding programs for improvement of these traits. General and specific combining ability mean squares and their interactions with years for the vegetative traits, resistance to downy mildew and late wilt diseases in two years and their combined data are shown in Table 3 . The results showed that, mean squares due to general combining ability (GCA) and specific combining ability (SCA) were highly significant for all traits in two years and their combined, indicating that additive and non-additive gene action had an important role in the inheritance of all traits. On the other side, the interactions between GCA and SCA with years were highly significant for all traits, indicating that both types of gene action were influenced by change of years. Regarding GCA / SCA mean square ratio, the data pointed out that, this ratio exceeded the unity for all studied traits in two years and their combined. This might indicates that, additive and additive x additive gene effects were more important than non-additive gene effects for the inheritance of all studied traits. The ratio of GCA x Y / SCA x Y mean square found to be exceeded the unity for all traits, indicating that the additive gene effects were more interacted with years than non-additive ones for all traits. These results agreed with those obtained by Abd El-Hadi et al. (2005) which reported that, the mean squares of GCA and SCA were highly significant for all studied traits i.e. ; days to 50% silking, plant height and ear height. The ratio GCA/SCA mean squares exceeded the unity for plant height, while the ratio GCA x Y/ SCA x Y mean squares exceeded the unity for days to 50% silking. Motawei (2006) found that, highly significant mean squares due to GCA and SCA were detected for days to 50% silking, plant height and resistance to late wilt, indicating that both additive and nonadditive gene effects are operating in the inheritance of these traits. However, additive gene effects exhibited larger contribution in the genetic control of these traits than those of non-additive genetic effects, since the ratio GCA/SCA mean squares exceeded the unity. Akanda et al. (2007) found that, mean squares due to GCA and SCA were significant for days to 50% silking, plant and ear height. However, additive gene effects were preponderance for the expression for these traits. Moradi (2014) found that, GCA and SCA were significant for days to 50% silking and plant height, indicating that additive and non-additive gene action had an important role in the inheritance of these traits. The GCA x year interaction was significant for plant height. El-Gazzar (2015) found that, GCA/SCA ratios revealed that the additive types of gene action were the most important expressions for days to 50% silking, plant height, ear height and resistance to downy mildew disease. El-Shamarka et al. (2015) found that, mean squares due to GCA and SCA were significant for number of days to 50% silking, plant height and ear height. The ratio of GCA / SCA mean square exceeded the unity for all traits, while GCA x environment / SCA x environment mean square exceeded the unity for all traits, except days to 50% silking.
Estimates of general combining ability effects (g^i) for the vegetative traits, resistance to downy mildew and late wilt diseases in two years and their combined data are presented in Table 4 . Negative values of general combining ability effects would be desirable from the breeder point of view for all traits, except for resistance to downy mildew and late wilt diseases, where the positive values would be favored. General combining ability effects (g^i) would be estimated wherever the significant of GCA mean square for the trait in view. The (g^i) would be considered, when their GCA mean squares is not significant. The parental inbred line; P2 might be considered as a good combiner for days to 50% silking, ear height and ear position in the two years and their combined data due to its negative and highly significant (g^i) values in all cases. The parental inbred line; P8 had highly significant (g^i) values in negative direction for days to 50% silking, plant height, ear height and ear position in two years and their combined analysis. That parent might be considered as a good combiner for the traits in view in the two studied years. The parental inbred line; P7 had highly significant (g^i) values in negative direction for ear height and ear position in both years, which might considers as a good combiner parent for the traits in question, and the parental inbred lines; P3 and P4 considered as good combiner for plant height in the second year due to its negative and significant (g^i) values in this concern. The parental inbred line; P7 in the two years and P6 in the first year had significant (g^i) values in positive direction for resistance to downy mildew disease. While, the parental inbred line; P4 and P10 in the two years and P3 in the first year had significant and positive (g^i) values for the resistance to late wilt disease. These parental inbred line might be considered a good combiner for resistance to the diseases. From the obtained results, it could be summarized that, the inbred line P8 had desirable significant of (g^i) for earliness and dwarfnees, which might indicated that this inbred line considered a good combiner for to generating genotype characterized by earliness and shortness. The inbred line P7 for resistance to downy mildew and suitable ear height ( position ) and, also the inbred line P4 for earliness, shortness and resistance to late wilt disease. *and** Significant at 0.05 and 0.01 levels of probability, respectively.
Estimates of specific combining ability effects (s^ij) for 45 F1 crosses in two years and their combined data for the vegetative traits, resistance to downy mildew and late wilt diseases are presented in Table 5 . The negative values would be desirable from the plant breeder point of view for all traits, except the resistance to downy mildew and late wilt diseases where the position values would be favorable. Specific combining ability effects (s^ij) would be estimated wherever SCA mean square is significant. Regarding days to 50% silking it appeared that, the crosses; P4 × P6, P6 × P7 and P6 × P10 in the first year and their combined, the crosses; P2 × P5 and P4 × P5 in the first year and the crosses; P2 × P8, P8 × P9 and P9 × P10 in the second year had significant values of (s^ij) in negative direction towards earliness. For plant height, the cross; P4 x P5 in the two years and their combined data and the crosses; P1 x P2 and P2 x P7 in the second year and the combined data had desirable negative and significant values of (s^ij). While, the cross; P1 x P3 in the first year and the combined analysis, the crosses; P1 x P10, P2 x P8 and P6 x P7 in the first year and the crosses; P3x P10 and P4 x P9 in the second year, had desirable negative and significant values of (s^ij) towards shortness. Referring to ear height, the crosses; P1 x P3, P6 x P7and P6 x P10 had desirable negative and significant values of (s^ij) in two years and their combined data. The cross; P4 x P5 in the first year and the combined analysis, crosses; P1 x P2, P4 x P9 and P8 x P9 in the second year, had negative and significant values of (s^ij) for low ear height. For ear position, the crosses; P1 x P3 and P6 x P7 had desirable negative and significant values of (s^ij) in the two years and their combined. While, the crosses; P2 x P9 and P4 x P6 in the first year and the combined and the crosses; P5 x P8, P6 x P10 and P9x P10 in the first year, had negative and significant values of (s^ij) for low ear position. Concerning resistance to downy mildew disease, the cross; P2 x P4 in the two years and their combined analysis and the cross; P2 x P3 in the first year and the combined data had positive and significant values of (s^ij). While, the cross; P1 x P5 in the first year and crosses; P5 x P9, P8 x P9 in the second year had desirable positive and significant values of (s^ij) for resistance to downy mildew disease. For resistance to late wilt disease, the cross; P8 x P10 in the two years and their combined analysis and the crosses; P1 x P7, P1 x P9 and P6 x P8 in the first year and the combined data had positive and significant values of (s^ij). The crosses; P1 x P2, P2 x P5, P2 x P7, P3 x P8, P4 x P5 and P4 x P6 in the first year and the cross; P6 x P7 in the second year, had desirable and significant values of (s^ij) for resistance to late wilt disease. From the obtained results, it might be inferred that, the single crosses; P1 x P3, P6 x P7 and P4 x P5 had favorable allels for good plant type with earliness, indicating that these new hybrids might be promising in future maize breeding program.
Superiority percentages of the 45 F1 crosses relative to two checks SC 162 and SC 168 for the vegetative traits, resistance to downy mildew and late wilt diseases as an average of two years were presented in Table 6 . It might be noted that, negative values would be desired for days to 50% silking, plant height, ear height and ear position while the positive values would be favored for the other studied traits, i.e., resistance to downy mildew and late wilt diseases. plant height, ear height and ear position, except for plant height with regard to the check cultivar SC168, where, the values in this concern did not reach the level of significant. However, the first group of crosses could be used as new hybrid.
It was noted that the crosses; P1 x P2, P1 x P8, P2 x P4, P2 x P8, P3 x P8, P4 x P8, P5 x P8, P6 x P8, P7 x P8, P8 x P9 and P8 x P10 had significant superiority percentage in negative direction relative the two checks i.e.; SC 162 and SC168 for days to 50% silking, plant height, ear height and ear position. While, the crosses; P1 x P4, P1 x P5, P1 x P7, P2 x P5, P2 x P7, P1 x P9, P2 x P10, P4 x P6, P4 x P7, P4 x P9, P5 x P7, P6 x P7, P7 x P9 and P7 x P10 had superiority percentages in negative direction relative the two check cultivars for days to 50% silking, cultivars characterized by earliness and short stem after more evaluation in different location and years. While, the second group of crosses could be used as new hybrid cultivars characterized by earliness, where its results referred to its superiority with regard to the two cultivar checks in this respect. Concerning to the resistance to downy mildew and late wilt diseases, the results listed in Table 6 revealed that there is no significant value in positive direction in all crosses over either the check cultivar SC162 or the check cultivar SC168 for traits, which indicated the present genetic material failed to regenerate a new genotype more resistant than the two check cultivars used in the study. *and** Significant at 0.05 and 0.01 levels of probability, respectively. *and** Significant at 0.05 and 0.01 levels of probability, respectively. 
